Subject of the research
The subject of the research was a fragment of the steam supply installation for chemical equipment. The tested element of the installation was made of austenitic stainless steel of 0H18N9 grade. This type of steel is often used in industry due to its excellent corrosion resistance, good plasticity and weldability [1, 2] . Corrosion resistance is conditioned by its structure and homogeneity of the passive layer [3] , in addition the corrosion resistance of this type of steel depends on the type of corrosive environment. Austenitic steels are susceptible for pitting corrosion and stress corrosion, especially in the environment containing chlorides [4] . An additional factor conducive to corrosion is the separation of chromium carbides reducing the content of chromium in the adjacent material, causing dechromination of grain boundaries [6] . They can be formed in the welding process. After a short period of operation of the tested installation, leakages were observed in the steam supply system. Penetration studies revealed an extensive network of cracks on the surface of the material, as shown in Figure 1 .
The cracks occurred in the native material, in the welds and in the SWC zone. This generated the problem of determining the reason for the occurrence of cracks in the period of about one year.
Research methodology
In order to determine the causes of cracks, tests of the chemical composition of the native steel material and the weld Artur Lange, Piotr Białucki, Aleksandra Małachowska, Alyona Bashir, Ewa Harapińska material were performed, metallographic examinations were carried out on samples from various cracks (native material, SWC and weld) [5] . The sediment on the inner surface of the pipe was also tested. X-ray diffractometry and EDX analysis were performed using scanning electron microscope (SEM).
Visual assessment
On the injector's surface ( Fig.1) , visible cracks in all directions are visible to the unaided eye and cover the whole perimeter of the tube. Most visible cracks pass through the material. After cutting out the middle part of the pipe sample, in which the longitudinal weld connects to the peripheral one, its self-acting disintegration into smaller fragments shown in Figure 2 occured. A layer of brittle sediment was visible on the inner surface of the pipe. 
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Analysis of the chemical composition of the pipe material
The analysis of the chemical composition of the steel was carried out using a spectral method using a LECO GDS-750-QDP glow discharge spectrometer. After analysis of the chemical composition it was found that the injector's material corresponds to the 0H18N9 grade steel (Tabl. I), in accordance with the requirements of the previous PN-H-86020: 1971 [11] . According to the new PN-EN 10028-7:2016-09 [12] , the steel equivalent to 0H18N9 is steel 1.4301 (304). The analysis showed only small deviations for nickel, whose content in steel is approx. 7.8% compared to 8.0% specified in the standard and sulfur. Increased sulfur content causes formation of manganese sulphides constituting local cathode areas, thus initiating pitting on the steel surface [7] .
The chemical composition of the weld is suitable for the welded steel grade. The binder used contains a greater amount of chromium and nickel in relation to the native material and a reduced carbon content to protect against intercrystalline corrosion.
Analysis of the sediment in the pipe
The sediment located on the inner surface of the pipe, resulting from the contact with the medium -the calcareous leachate, was taken for analysis. The analysis was performed on a Hitachi S-3400N scanning microscope with an EDX adapter. Two sides of the collected sediment were analyzed from the medium side and from the injector' surface ( Fig. 3 and 4) . The results of measurements are presented in tables II and III. Particular attention is paid to the high chlorine content, which depending on the place of measurement reaches up to 10% by weight, which is a factor strongly conducive to such types of corrosion as: pitting, crevice and stress of the steel [8] .
Metallographic examinations
Observations of the pipe material structures in the nonetched and etched state were carried out using the Neophot 32 Zeiss optical microscope and the Hitachi S-3400N scanning microscope. Cracks visible in the pictures are typical for stress corrosion. Corrosive cracks run deep into the material, generally trans-crystalline, and branch out at the ends (Fig. 6 ). Such cracks occur in both steel and in the weld zone as well as in the heat affected zone (Fig. 7) .
The chromium carbides visible at the grain boundary (Fig. 6 ) do not form a continuous net, but are arranged in separated precipitates. Only locally, on the part of the grain border, continuity of carbide precipitates can be noticed. This is confirmed by the results of investigations of microstructures made with a SEM microscope (Fig. 8÷9 ) of samples with cracks. The chemical composition analysis was made from the fragment of material marked in Figure 8 . The presence of separated carbides confirms the results of the analysis of the chemical composition of the precipitates, shown in Figure 9 and Table IV . It can therefore be concluded that in the case of the pipe under test, intercrystalline corrosion was not the reason for the material cracking. It should be noted, however, that the occurrence of carbide precipitates and presence of tensile stresses promotes the occurrence of stress corrosion.
Heat treatment of a pipe section
In order to reduce the susceptibility to intercrystalline corrosion, heat treatment was carried out. Two samples were collected from the same injector fragment, one of which was heat treated (supersaturated at 1090 °C in air, followed by rapid cooling in water) [14] . The structure of the samples was then compared (Fig. 7) .
Metallographic analysis
Heat treatment caused a decrease in the amount of carbides in the steel structure as a result of their dissolution in the material's matrix and an increase in grain size ( Fig. 10  and 11 ). The hardness was also significantly reduced in both the parent material and the weld (Fig. 12 and 13) . Before the heat treatment, the hardness was about 180 HV0.1 and after heat treatment about 150 HV0.1 PN-EN 1043-1:2000. Heat treatment removes residual stresses, which increase the likelihood of stress corrosion [9] , as well as the removal of some of the precipitates that may be the origin of pitting.
Hardness measurement
The hardness measurement was carried out using the Vickers method on a Sinowon HVS1000 hardness tester at a load of 0.98 N which corresponds to HV0.1 PN-EN 1043-1: 2000. As a result of hardness measurements, it was found that the hardness of the weld is similar to the hardness of the native material. 
Summary
The steel used to make the 0H18N9 grade pipe belongs to austenitic stainless steels, characterized by very good weldability and ease of plastic forming. It owes its good anti-corrosion properties to the phenomenon of passivation, consisting in the formation of a film of oxides on the surface of the metal that hinders further corrosion processes. However, in the presence of chlorides, the passive film penetrates and initiates pitting corrosion. This phenomenon takes place especially in the areas of weakening of the passive film -the pores, the heterogeneity of the structure, e.g. non-metallic inclusions. If the element additionally includes tensile stresses, the material does not repassivate and local crack propagates the crack leading to the destruction of the element. This is a typical course of stress corrosion, to which the 0H18N9 steels are not resistant. 
